13.
13.
13.
13.
13.
13.
13.

13.
13.
13.
13.

13.

13.
13.

Appendi x |

~No o~ wWwNERE

10
11

12
13
14

SECTI ON 13

PACI FI C OYSTER, Crassostrea gigas
AND MUSSEL, Mytilus sp
EMBRYO- LARVAL DEVELOPMENT TEST METHOD

Adapted from a nethod devel oped by
Gary A Chapnman, U S. EPA, ORD Newport, OR
and Debra L. Denton, U S. EPA Region IX

TABLE OF CONTENTS

Scope and Application

Summary of Met hod

I nterferences

Safety

Appar at us and Equi pnent

Reagents and Supplies

Ef fl uents and Receiving Water Col | ecti on,
Preservation, and Storage

Cal i bration and Standardi zation

Quality Control

Test Procedures

Summary of Test Conditions and Test
Acceptability Criteria

Acceptability of Test Results

Dat a Anal ysi s

Preci si on and Accuracy

Step-by Step Summary

209



SECTI ON 13

PACI FI C OYSTER, CRASSCSTREA G GAS, AND MJUSSEL, MYTILUS SPP.
EMBRYO- LARVAL DEVELOPMENT TEST

13.1 SCOPE AND APPLI CATI ON

13.1.1 This nethod estinmates the chronic toxicity of effluents
and receiving waters to the enbryos and | arvae of several bivalve
nmol l uscs, the Pacific oyster (Crassostrea gigas) and the nussels
(Mytilus edulis, M californianus, M galloprovincialis, or M
trossulus) in a 48-h static non-renewal exposure. The effects

i nclude the synergistic, antagonistic, and additive effects of

all the chem cal, physical, and bi ol ogi cal conponents which
adversely affect the physiol ogi cal and bi ochenmi cal functions of
the test organisns.

13.1.2 Detection limts of the toxicity of an effluent or
chem cal substance are organi sm dependent.

13.1.3 Brief excursions in toxicity may not be detected using
24-h conposite sanples. Also, because of the |long sanple
col l ection period involved in conposite sanpling, and because the
test chanbers are not sealed, highly volatile and highly
degradabl e toxicants in the source may not be detected in the
test.

13.1.4 This test is coomonly used in one of two fornms: (1) a
definitive test, consisting of a mninmmof five effluent
concentrations and a control, and (2) a receiving water test(s),
consi sting of one or nore receiving water concentrations and a
control

13.1.5 This nethod should be restricted to use by, or under the
supervi sion of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable results becone routine.

13.2 SUMVARY OF METHOD
13.2.1 The nmethod provides step-by-step instructions for

performng a 48-h static non-renewal toxicity test using enbryos
and |l arvae of the test species to determne the toxicity of
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substances in marine and estuarine waters. The test endpoint is
normal shell devel opnent and should include nortality as a
neasure of adverse effect.

13. 3 | NTERFERENCES

13.3.1 Toxic substances may be introduced by contam nants in
dilution water, glassware, sanple hardware, and testing equi pnent
(see Section 5, Facilities and Equi pnent, and Supplies).

13.3.2 Inproper effluent sanpling and handling nmay adversely
affect test results (see Section 8, Effluent and Receiving Water
Sanpling, and Sanpl e Handling, and Sanple Preparation for
Toxicity Tests).

13.4 SAFETY
13.4.1 See Section 3, Health and Safety
13.5 APPARATUS AND EQUI PMENT

13.5.1 Tanks, trays, or aquaria -- for holding and acclimting
adult pacific oysters and nussels, e.g., standard salt water
aquariumor Instant Ocean Aquarium (capabl e of naintaining
seawat er at 10-20EC), with appropriate filtration and aeration
syst em

13.5.2 Air punp, air lines, and air stones -- for aerating water
cont ai ni ng broodstock or for supplying air to test solutions with
| ow di ssol ved oxygen

13.5.3 Constant tenperature chanbers or water baths -- for

mai ntai ning test solution tenperature and keeping dilution water
supply, ganetes, and enbryo stock suspensions at test tenperature
prior to the test.

13.5.4 Water purification system-- MIIlipore Super-Q Deionized
water (D) or equivalent.

13.5.5 Refractoneter -- for determning salinity.

13.5.6 Hydroneter(s) -- for calibrating refractoneter.
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13.5.7 Thernoneters, glass or electronic, |aboratory grade --
for neasuring water tenperatures.

13.5.8 Thernoneter, National Bureau of Standards Certified (see
USEPA METHOD | 70.1, USEPA, 1979) -- to calibrate |aboratory
t her nonet ers.

13.5.9 pH and DO neters -- for routine physical and chem cal
nmeasur enent s.

13.5.10 Standard or mcro-Wnkler apparatus -- for determ ning
DO (optional) and calibrating the DO neter.

13.5.11 Wnkler bottles -- for dissolved oxygen determ nations.
13.5.12 Balance -- Analytical, capable of accurately weighing to
0. 0001 g.

13.5.13 Fune hood -- to protect the analyst fromeffluent or

f or mal dehyde funes.

13.5.14 dass stirring rods -- for mxing test solutions.
13.5.15 Gaduated cylinders -- Class A borosilicate glass or
non-toxic plastic | abware, 50-1000 nL for nmaking test sol utions.
(Note: not to be used interchangeably for ganmetes or enbryos and
test sol utions).

13.5.16 Volunetric flasks -- Class A, borosilicate glass or non-
toxic plastic | abware, 100-1000 nL for naking test sol utions.

13.5.17 Pipets, autonmatic -- adjustable, to cover a range of
delivery volunes from0.010 to 1.000 ni.

13.5.18 Pipet bulbs and fillers -- PROPI PET® or equival ent.
13.5.19 Wash bottles -- for reagent water, for topping off
graduated cylinders, for rinsing small glassware and instrunent

el ectrodes and probes.

13.5.20 Wash bottles -- for dilution water.
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13.5.21 20-liter cubitainers or polycarbonate water cool er jugs
-- for making hypersaline brine.

13.5.22 Cubitainers, beakers, or simlar chanbers of non-toxic
conposition for holding, mxing, and dispensing dilution water
and ot her general non-effluent, non-toxicant contact uses. These
shoul d be clearly | abel ed and not used for other purposes.

13.5.23 Beakers, 50 nL -- for pooling surrogate water sanples
for chem stry measurenents at the end of the test.

13.5.24 Beakers, 250 nmlL borosilicate glass -- for preparation of
test sol utions.

13.5.25 Beakers, 1,000 niL borosilicate glass -- for m xing
ganetes for fertilization of eggs.

13.5.26 Inverted or conpound m croscope -- for inspecting
ganetes and nmaki ng counts of enbryos and | arvae. The use of an
inverted scope is not required, but recommended. Its use reduces

t he exposure of workers to hazardous funes (formalin or

gl ut ar al dehyde) during the counting of |arvae and reduces sanple
exam nation tine. Alternatively, a Sedgew ck-Rafter cell nay be
used on a regul ar conmpound scope.

13.5.27 Counter, two unit, 0-999 -- for recording counts of
enbryos and | arvae.

13.5.28 A perforated plunger -- for maintaining a honbgeneous
suspensi on of enbryos.

13.5.29 Nytex screens, ca. 75 pymand ca. 37 um -- for rinsing
ganetes to separate individual ganetes fromlarger material; for
retai ning eggs, enbryos, or |arvae.

13.5.30 60 pm NI TEX® filter -- for filtering receiving water.
13.6 REAGENTS AND SUPPLI ES

13.6.1 Sanple containers -- for sanple shipnent and storage (see

Section 8, Effluent and Receiving Water Sanpling, and Sanpl e
Handl i ng, and Sanple Preparation for Toxicity Tests).
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13.6.2 Data sheets (one set per test) -- for data recording (see
Figure 1).

13.6.3 Tape, colored -- for labelling test chanbers and
cont ai ners.

13.6.4 Markers, water-proof -- for marking containers, etc.

13.6.5 Parafilm-- to cover graduated cylinders and vessels
cont ai ni ng ganetes, enbryos.

13.6.6 {d oves, disposable -- for personal protection from
contam nati on

13.6.7 Pipets, serological -- |-10 nm, graduat ed.

13.6.8 Pipet tips -- for automatic pipets.

13.6.9 Coverslips -- for mcroscope slides.
13.6.10 Lens paper -- for cleaning m croscope optics.
13.6.11 Laboratory tissue wipes -- for cleaning and drying

el ectrodes, m croscope slides, etc.

13.6.12 Disposable countertop covering -- for protection of work
surfaces and mnimzing spills and contam nati on.

13.6.13 pH buffers 4, 7, and 10 (or as per instructions of
i nstrunment manufacturer) -- for standards and calibration check
(see USEPA Met hod |50.1, USEPA, 1979).

13.6.14 Menbranes and filling solutions -- for dissolved oxygen
probe (see USEPA Method 360.1, USEPA, 1979), or reagents for
nodi fi ed W nkl er anal ysi s.

13.6.15 Laboratory quality assurance sanples and standards --
for the above nethods.

13.6.16 Test chanbers -- 30 nlL, four chanbers per concentration.
The chanbers shoul d be borosilicate glass or nontoxic di sposable
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pl astic | abware. The test may be perforned in other sized
chanbers as long as the density of enbryos is the sane.

13.6.17 Fornmal dehyde, 37% (Concentrated Formalin) -- for
preserving | arvae. Note: fornmal dehyde has been identified as a
carcinogen and is irritating to skin and nucous nenbranes. It

shoul d not be used at a concentration higher than necessary to
achi eve norphol ogi cal preservation of |arvae for counting and
only under conditions of nmaximl ventilation and m ni mal
opportunity for volatilization into roomair.

13.6.19 Reference toxicant solutions (see Section 13.10.2.4 and
Section 4, Quality Assurance).

13.6.20 Reagent water -- defined as distilled or deionized water
t hat does not contain substances which are toxic to the test
organi sns (see Section 5, Facilities, Equipnent, and Supplies and
Section 7, Dilution Water).

13.6.21 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sanpling, and Sanpl e Handling, and Sanple
Preparation for Toxicity Tests.

13.6.22 Dilution water and hypersaline brine -- see Section 7,
Dilution Water and Section 13.6.24, Hypersaline Brines. The

di lution water should be uncontam nated 1-pymfiltered natura
seawater. Hypersaline brine should be prepared fromdilution
wat er .

13. 6. 23 HYPERSALI NE BRI NES

13.6.23.1 Most i ndustrial and sewage treatnent effluents
entering marine and estuarine systens have little nmeasurable
salinity. Exposure of |larvae to these effluents will usually
require increasing the salinity of the test solutions. It is
inportant to maintain an essentially constant salinity across al
treatments. In sone applications it may be desirable to match
the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to adjust salinities --
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salinity adjustnment by
HSB al one.
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13.6.23.2 Hypersaline brine (HSB) can be made by concentrating
natural seawater by freezing or evaporation. HSB should be nmade
fromhigh quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived fromnatural seawater contains the
necessary trace netals, biogenic colloids, and sone of the

m crobi al conponents necessary for adequate growth, survival

and/ or reproduction of marine and estuarine organisns, and it can
be stored for prolonged periods wthout any apparent degradation.
However, even if the maximumsalinity HSB (100% is used as a

di luent, the maxi mum concentration of effluent (0% that can be
tested is 66%effluent at 34%salinity (see Table 1).

13.6.23.3 High quality (and preferably high salinity) seawater
should be filtered to at |east 10 um before placing into the
freezer or the brine generator. Water should be collected on an
incomng tide to mnimze the possibility of contam nation

13.6.23.4 Freeze Preparation of Brine

13.6.23.4.1 A convenient container for making HSB by freezing is
one that has a bottomdrain. One liter of brine can be nmade from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20EC until the remaining liquid has
reached the target salinity. Freeze for approximately six hours,
t hen separate the ice (conposed nainly of fresh water) fromthe
remai ning liquid (which has now becone hypersaline).

13.6.23.4.2 It is preferable to nonitor the water until the
target salinity is achieved rather than allow ng total freezing
foll owed by partial thawing. Brine salinity should never exceed
100% It is advisable not to exceed about 70% brine salinity
unless it is necessary to test effluent concentrations greater

t han 50%

13.6.23.4.3 After the required salinity is attained, the HSB
shoul d be filtered through a 1 umfilter and poured directly into
portabl e containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
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TABLE 1. MAXI MUM EFFLUENT CONCENTRATI ON (% THAT CAN BE TESTED BY ADDI NG DI LUTI ON WATER
ONLY OR BRINE ONLY (W THOUT ADDI TI ON OF DRY SEA SALTS), G VEN VARI QUS EFFLUENT
SALI NI TI ES, DI LUTI ON WATER SALI NI TI ES, AND BRI NE SALI NI TI' ES, AND MAI NTAI NI NG 30%o
TEST SALINITY.

B el Dilution Water Salinity %o Brine Salinity %o

%o 31 32 33 34 35 60 70 80 90 100
0 3.23 6. 25 9.09 11.76 14. 29 50. 00 57.14 62. 50 66. 67 70. 00
1 3.33 6. 45 9.38 12.12 14. 71 50. 85 57. 97 63. 29 67.42 70.71
2 3.45 6. 67 9.68 12.50 15. 15 51.72 58. 82 64.10 68. 18 71. 43
3 3.57 6. 90 10. 00 12.90 15. 63 52. 63 59.70 64. 94 68. 97 72.16
4 3.70 7.14 10. 34 13. 33 16. 13 53. 57 60. 61 65.79 69. 77 72.92
5 3.85 7.41 10. 71 13.79 16. 67 54.55 61. 54 66. 67 70. 59 73. 68
10 4.76 9.09 13. 04 16. 67 20. 00 60. 00 66. 67 71.43 75. 00 77.78
15 6. 25 11. 76 16. 67 21.05 25.00 66. 67 72.73 76. 92 80. 00 82. 35
20 9. 09 16. 67 23.08 28. 57 33.33 75. 00 80. 00 83. 33 85.71 87.50
25 16. 67 28. 57 37.50 44. 44 50. 00 85.71 88. 89 90.91 92.31 93. 33
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4EC (even room tenperature has been acceptable). HSB is usually
of acceptable quality even after several nonths in storage.

13.6.23.5 Heat Preparation of Brine

13.6.23.5.1 The ideal container for nmaking brine using heat-
assi sted evaporation of natural seawater is one that (1) has a
hi gh surface to volunme ratio, (2) is nade of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
materials fromcomng in contact with the seawater being used to
generate the brine. |If a heater is imersed directly into the
seawat er, ensure that the heater materials do not corrode or

| each any substances that woul d contam nate the brine. One
successful method is to use a thernostatically controll ed heat
exchanger nade fromfiberglass. |f aeration is needed, use only
oil-free air conpressors to prevent contam nation

13.6.23.5.2 Before adding seawater to the brine generator,

t horoughly clean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact wth the
brine. A good quality biodegradabl e detergent shoul d be used,
foll owed by several (at |east three) thorough reagent water
rinses.

13.6.23.5.3 Seawater should be filtered to at |east 10 um before
being put into the brine generator. The tenperature of the
seawater is increased slowy to 40EC. The water should be
aerated to prevent tenperature stratification and to increase

wat er evaporation. The brine should be checked daily (depending
on the volunme being generated) to ensure that the salinity does
not exceed 100% an that the tenperature does not exceed 40EC
Addi ti onal seawater may be added to the brine to obtain the

vol une of brine required.

13.6.23.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 uymfilter and poured directly into
portabl e containers (20-L cubitainers or polycarbonate water

cool er jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4EC (even room tenperature has been acceptable). HSB is usually
of acceptable quality even after several nonths in storage.
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13.6.23.6 Artificial Sea Salts

13.6.23.6.1 No data from nussel or oyster tests using sea salts
or artificial seawater (e.g., GP2) are avail able for eval uation
at this tinme, and their use nust be considered provisional.

13.6.23.7 Dilution Water Preparation from Brine

13.6.23.7.1 Although salinity adjustment with brine is the
preferred nmethod, the use of high salinity brines and/or reagent
wat er has sonetinmes been associated with discernible adverse
effects on test organisns. For this reason, it is recommended
that only the m ni mum necessary volume of brine and reagent water
be used to offset the low salinity of the effluent, and that
brine controls be included in the test. The remaining dilution
wat er should be natural seawater. Salinity may be adjusted in
one of two ways. First, the salinity of the highest effluent
test concentration nay be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effl uent
concentration can be prepared individually with appropriate

vol unes of effluent and brine.

13.6.23.7.2 When HSB and reagent water are used, thoroughly

m X together the reagent water and HSB before m xing in the
effluent. Divide the salinity of the HSB by the expected test
salinity to determ ne the proportion of reagent water to brine.
For exanple, if the salinity of the brine is 100%and the test is
to be conducted at 30% 100%.divided by 30% = 3.33. The
proportion of brine is 1 part in 3.33 (one part brine to 2.33
parts reagent water). To make 1 L of dilution water at 30%o
salinity froma HSB of 100% 300 nL of brine and 700 nlL of
reagent water are required. Verify the salinity of the resulting
m xture using a refractoneter.

13.6.23.8 Test Solution Salinity Adjustnment

13.6.23.8.1 Table 2 illustrates the preparation of test
solutions (up to 50% effluent) at 34%.by conbining effluent, HSB
and dilution water. Note: if the highest effluent concentration
does not exceed 50% effluent, it is convenient to prepare brine
so that the sumof the effluent salinity and brine salinity
equals 68% the required brine volunme is then al ways
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equal to the effluent volune needed for each effl uent
concentration as in the exanple in Table 2.

13.6.23.8.2 Check the pH of all test solutions and adjust to
within 0.2 units of dilution water pH by addi ng, dropw se, dilute
hydrochl oric acid or sodi um hydroxi de (see Section 8.8.9,

Ef fl uent and Receiving Water Sanpling, Sanple Handling, and
Sanpl e Preparation for Toxicity Tests).

13.6.23.8.3 To calculate the amobunt of brine to add to each
effluent dilution, determne the following quantities: salinity
of the brine (SB, in %, the salinity of the effluent (SE, in %,
and volune of the effluent to be added (VE, in nl). Then use
the following fornula to cal culate the volune of brine (VB, in
nm.) to be added:

VB = VE x (30 - SE)/(SB - 30)

13.6.23.8.4 This calculation assunes that dilution water
salinity is 30 £ 2%o

13.6.23.9 Preparing Test Sol utions

13.6.23.9.1 Ten nL of test solution are needed for each test
container. To prepare test solutions at |ow effluent
concentrations (<6%, effluents may be added directly to dilution
wat er. For exanple, to prepare 1% effluent, add 1.0 nL of
effluent to a 100-nL volunetric flask using a volunetric pipet or
calibrated automatic pipet. Fill the volumetric flask to the
100-nmL mark with dilution water, stopper it, and shake to m x.
Pour into a (150-250 nlL) beaker and stir. Distribute equal
volunes into the replicate test chanbers. The remaining test
solution can be used for chem stry.

13.6.23.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine nust usually be used. For
exanple, to prepare 40% effluent, add 400 nL of effluent to a 1-
liter volunetric flask. Then, assum ng an effluent salinity of
2% and a brine salinity of 66% add 400 nL of brine (see equation
above and Table 2) and top off the flask with dilution water.

St opper the flask and shake well. Pour into a (100-250
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TABLE 2. EXAMPLES OF EFFLUENT DI LUTI ON SHOW NG VOLUMES OF
EFFLUENT (AT X%, BRI NE, AND DI LUTI ON WATER NEEDED FOR
ONE LI TER OF EACH TEST SCLUTI ON

FI RST STEP: Conbine brine with reagent water or natural seawater
to achieve a brine of 68-x%and, unless natural seawater is used
for dilution water, also a brine-based dilution water of 34%o

SERI AL DI LUTI ON

Step 1. Prepare the highest effluent concentration to be tested
by addi ng equal volunes of effluent and brine to the appropriate
vol une of dilution water. An exanple using 40%is shown.

Ef fl uent Conc. Ef f1 uent Bri ne Dil ution
(% X %0 (68- x) %o WAt er * 34%o
40 800 nL 800 nL 400 nL

Step 2. Make serial dilutions fromthe hi ghest test
concentration.

Ef fluent Conc. (% Ef f  uent Source Dilution Water*
(34%)

20 1000 nL of 40% 1000 nL

10 1000 nL of 20% 1000 nL

5 1000 nL of 10% 1000 nL

2.5 1000 nL of 5% 1000 nL

Cont r ol none 1000 ni

| NDI VI DUAL PREPARATI ON:

Ef fluent Conc. | Effl uent x%o Brine (68-x)% [ D lution
(9% Wat er * 34%o
40 400 nL 400 ni 200 L
20 200 L 200 nL 600 nL
10 100 niL 100 niL 800 nL

5 50 nlL 50 nmL 900 nL
2.5 25 nlL 25 L 950 nL
Cont r ol none none 1000 nmL

*May be natural seawater or brine-reagent water equival ent.
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m.) beaker and stir. D stribute equal volunmes into the replicate
test chanbers. The remaining test solution can be used for
chem stry.

13.6.23.10 Brine Controls

13.6.23.10.1 Use brine controls in all tests where brine is
used. Brine controls contain the sane volunme of brine as does

t he hi ghest effluent concentration using brine, plus the vol une
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilution water.

Cal cul ate the amount of reagent water to add to brine controls by
rearrangi ng the above equation, (See, 13.6.23.8.3) setting SE =
0, and solving for VE.

VE = VB x (SB - 30)/(30 - SE)

If effluent salinity is essentially 0% the reagent water vol une
needed in the brine control will equal the effluent volunme at the
hi ghest test concentration. However, as effluent salinity and

ef fl uent concentration increase, |ess reagent water volune is
needed.

13.6.24 TEST ORGANI SM5, OYSTERS AND MUSSELS

13.6.24.1 The test organisns for this test are the Pacific,
oyster, Crassostrea gigas, or nussels, Mtilus spp. (at |east

twel ve per test). Pacific oysters are native to Japan, but have
been cultured comercially on the west coast of the United States
for over a century.

13.6.24.2 Species ldentification

13.6.24.2.1 The three species of nussels included in this nmethod
are presunmably native to the west coast. The California nusse
(Mytilus californianus) is distributed along the exposed rocky
coast from Alaska to Baja California and is found fromintertida
areas to 150 feet depth. The other two nussels included in this
met hod (M trossulus and M galloprovinciallis) are common in
shel tered waters such as bays and estuaries and were previously
considered to be west coast popul ations of Mytilus edulis. The
two species are both present in central California, with M
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gal l oprovincialis reported from San Franci sco Bay to Baj a
California, and M trossulus reported from Monterey to Al aska.

13.6.24.2.2 Test organisnms should be identified to species using
nor phol ogi cal features in recogni zed keys. Separation of the "M
edulis" conplex, (M trossulus, and M galloprovinciallis) may
not be possible wi thout electrophoretic characterization. The
geographi c source of the Mytilus spp. broodstock nust be

report ed.

13.6.24.3 (otaini ng Broodstock

13.6.24.3.1 Adult oysters (Crassostrea gigas) and nussels
(Mytilus spp.) can be obtained fromcomercial suppliers and the
nmussel s can also be collected fromthe field. Organisns are best
shi pped in danp towels or seaweed and kept cool (4-12EC). Note:
if practical, check the sex ratio of brood stock or request such
information froma commercial supplier. A highly skewed sex
ratio could result in poor enbryo vyield.

13.6.24.4 Broodstock Culture and Handl i ng

13.6.24. 4.1 The adult bival ves are nmaintained in glass aquaria
or fiberglass troughs or tanks. These are supplied continuously
(approximately 5 L/mn) with natural seawater, or salt water
prepared fromcommercial sea salts is recirculated. The animals
are checked daily and any obvi ously unhealthy animals are

di scarded. Prior to spawning, the aninmals should be brushed or
gently scraped to renove barnacl es and ot her encrusting
organisns; this alleviates problens of egg and sperm

contam nation, especially through potential barnacle spawning.

13.6.24.4.2 Although anbient tenperature seawater is usually
acceptabl e for hol ding, recommended tenperatures are 14-15EC for
oyster and 8EC for nussels; conditioning bival ves to spawni ng
condition usually requires holding for from 1-8 weeks at a higher
tenperature (20EC for oysters, 15-18EC for nussels).

13.6.24.4.3 Natural seawater ($30% is used to naintain the
adult animals and as a control water in the tests.

13.6.24. 4.4 Adult animals used in field studies are transported
in insul ated boxes or cool ers packed with wet kelp or paper
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toweling. Upon arrival at the field site, aquaria are filled
with control water, |oosely covered with a styrof oam sheet and
allowed to equilibrate to the hol ding tenperature before aninals
are added.

13. 7 EFFLUENT AND RECEI VI NG WATER CCOLLECTI ON, PRESERVATI OQN, AND
STORACE

13.7.1 See Section 8, Effluent and Receiving Water Sanpli ng,
Sanpl e Handling, and Sanple Preparation for Toxicity Tests.

13.8 CALI BRATI ON AND STANDARDI ZATI ON
13.8.1 See Section 4, Quality Assurance.
13.9 QUALITY CONTROL

13.9.1 See Section 4, Quality Assurance.
13. 10 TEST PROCEDURES

13.10.1 TEST DESI GN

13.10.1.1 The test consists of at |east four replicates of five

ef fl uent concentrations plus a dilution water control. Tests
that use brine to adjust salinity nust also contain four
replicates of a brine control. 1In addition, at |east six extra

count controls are prepared in dilution water and the nunber of
enbryos in each are counted at the tinme of test initiation.
These counts provide an average initial enbryo density that is
used in the calculation of test results (see 13.13.1.3). Extra
replicates are recommended for water chem stry during the tests
(see Section 13.8 and Table 3).

13.10.1.2 Effluent concentrations are expressed as percent
ef fl uent.

13.10.2 TEST SOLUTI ONS
13.10.2.1 Receiving waters

13.10.2.1.1 The sanmpling point is determ ned by the objectives
of the test. At estuarine and marine sites, sanples are usually
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collected at md-depth. Receiving water toxicity is determ ned
wi th sanples used directly as collected or with sanpl es passed
through a 60 um NI TEX® filter and conpared wi thout dil ution,
against a control. Using four replicate chanbers per test, each
containing 10 nL, and 400 nL for chem cal analysis, would require
approxi mately 440 nL of sanple per test.

13.10.2.2 Effluents

14.10.2.2.1 The selection of the effluent test concentrations
shoul d be based on the objectives of the study. A dilution
factor of at least 0.5 is comonly used. A dilution factor of
0.5 provides hypothesis test discrimnation of + 100% and
testing of a 16 fold range of concentrations. Hypothesis test

di scrimnation shows little inprovenent as dilution factors are

i ncreased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPA recommends that one of the five effluent
treatments nust be a concentration of effluent mxed with
dilution water which corresponds to the permttee's instream
waste concentration (IW). At least two of the effl uent
treatments nust be of |esser effluent concentration than the |WC
with one being at |east one-half the concentration of the |IWC

| f 100%HSB is used as a diluent, the maxi mum concentration of
effluent that can be tested will be 70% at 30%.salinity.

13.10.2.2.2 If the effluent is known or suspected to be highly
toxic, a lower range of effluent concentrations should be used
(such as 25% 12.5% 6.25% 3.12% and 1.56% .

13.10.2.2.3 The volune in each test chanber is 10 m.
13.10.2.2.4 Effluent dilutions should be prepared for al
replicates in each treatnent in one container to mnimze
variability anong the replicates. Dispense into the appropriate
ef fl uent test chanbers.

13.10.2.3 Dilution Water

13.10.2.3.1 Dilution water should be uncontam nated 1-pum

filtered natural seawater or hypersaline brine (prepared from
uncontam nated natural seawater) plus reagent water (see Section
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7, Dilution Water). Natural seawater may be uncontam nated
receiving water. This water is used in all dilution steps and as
the control water.

13.10.2.4 Reference Toxi cant Test

13.10.2. 4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7).

13.10.2.4.2 The preferred reference toxicant for oysters and
nmussel s is copper chloride (Cud ,oH,O. Reference toxicant tests
provide an indication of the sensitivity of the test organi sns
and the suitability of the testing |aboratory (see Section 4
Qual ity Assurance). Another toxicant nay be specified by the
appropriate regulatory agency. Prepare a copper reference

t oxi cant stock solution (2,000 ng/L) by adding 5.366 g of copper
chloride (Cud ,02H,O to 1 liter of reagent water. For each
reference toxicant test prepare a copper sub-stock of 3 ng/L by
diluting 1.5 nL of stock to one liter with reagent water.

Al ternatively, certified standard sol utions can be ordered from
commer ci al conpani es.

13.10.2.4.3 Prepare a control (0 Fg/L) plus four replicates each
of at least five consecutive copper reference toxicant solutions
(e.g., fromthe series 3.0, 4.4, 6.5, 9.5, 13.9, 20.4, and 30.0
Fg/L, by adding 0.10, 0.15, 0.22, 0.32, 0.46, 0.68, and 1.00 niL
of sub-stock solution, respectively, to 100-nmL volunetric flasks
and filling to 100-nL wth dilution water). Start with control
sol utions and progress to the highest concentration to mnimze
contam nati on

13.10.2.4.4 If the effluent and reference toxicant tests are to
be run concurrently, then the tests nust use enbryos fromthe
same spawn. The tests nust be handled in the same way and test
solutions delivered to the test chanbers at the sanme tine.

Ref erence toxicant tests nust be conducted at 30 = 2%o

13.10.3 COLLECTI ON OF GAMETES FOR THE TEST

13.10.3.1 Spawni ng I nduction

13.10.3.1.1 Select at |east a dozen bivalves and place theminto
a container filled with seawater (ca. 20EC for oysters, 15EC for
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nmussel s) and allow tinme for themto resune punping (ca. 30
mnutes). Missels will often start punping follow ng inmersion
if they have been kept out of water and refrigerated overnight
prior to spawni ng.

TABLE 3. EXAMPLE OF TYPI CAL TEST ARRAY SHOW NG NUMBER AND TYPES
OF TREATMENT CHAMBERS REQUI RED

TREATMENT Test Vials Chem stry
Vi al s
Count Contr ol 6 0
Bri ne Control 4 1-3
Dilution Water Contr ol 4 1-3
Ef fl uent conc. 1 4 1-3
Ef fluent conc. 2 4 1-3
Ef fl uent conc. 3 4 1-3
Ef fl uent conc. 4 4 1-3
Ef fl uent conc. 5 4 1-3
TOTAL Chanbers = 41-55 34 7-21

13.10.3.1.2 Over a 15-20 mnute period, increase the tenperature
(do not exceed 32EC for oysters, or 20EC for nussels), checking
for spawni ng.

13.10.3.1.3 If no spawning occurs after 30 m nutes, replace the
water with sone at the original tenperature and after 15 m nutes
again increase the tenperature as in 13.10.3.2. Although ASTM
(1993) cautions against it, the addition of algae into the water
can often stinulate spawning of bivalves; if this nethod is used,
t he organi snms shoul d be noved to clean water once spawni ng
begins. Missels can also be induced to spawn by injection of 0.5
M KC into the posterior adductor nuscle. Oysters can be induced
to spawn by the addition of heat-killed sperm about one hour
after initial tenperature increase.

13.10.3.2 Pooling Ganetes
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13.10.3.2.1 Wen individuals are observed to be sheddi ng
ganetes, renove each spawner fromthe tank and place each in a
separate contai ner (20EC water for oysters, 15EC for nussels).

Al ternatively, bivalves can be placed into individual chanbers
initially (at tenperatures per 13.10.5.2) and these placed into a
wat er bath that provides the desired naxi mumtenperature.

13.10.3.2.2 Early in the spawni ng process, exam ne a snal
sanpl e of the ganetes from each spawner to confirmsex and to see
if the ganetes are of adequate quality.

13.10.3.2.3 Place a small anmount of spermfromeach nale onto a
m croscope slide (well slides work nicely). Exam ne the sperm
for notility; use spermfromthose males with the better sperm
motility.

13.10.3.2.4 A small sanple of the eggs fromeach femal e should
be exam ned for the presence of significant quantities of poor
eggs (vacuol ated, small, or abnormally shaped). |If good quality
eggs are available fromone or nore femal es, questionabl e batches
of eggs should not be used for the test. It is nore inportant to
use high quality eggs than it is to use a pool ed popul ati on of

eggs.

13.10.3.2.5 Sperm and egg suspensions that are to be used for
preparing the enbryo stock should be passed through Nytex screen
(ca. 75 Fn) to separate out clunps of ganetes or extraneous

mat eri al .

13.10.3.2.6 The pool ed eggs are placed into a 1 L beaker and
sufficient dilution water added to achieve an egg density of

about 5, 000-8, 000 eggs/nL (objects are just discernible when

vi ewed through the egg suspension) in about 800-900 ni water

vol une.

13.10.3.3 Fertilization

13.10.3.3.1 Sperm density may vary fromone spawning to the
next. It is inportant to use enough spermto achieve a high
percent egg fertilization, but too many sperm can cause

pol ysperny with resultant abnornmal devel opnent. To achi eve an
acceptabl e I evel of sperm several egg suspensions of equal
density should be fertilized using a range of sperm vol unes,
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e.g., 100 nL of egg suspension plus 1, 3, and 10 nL of sperm
suspension. This test fertilization should be acconplished
within 1 hour of spawning. Use the eggs with the | owest anount
of spermgiving normal enbryo devel opnent after 1.5-2.5 hours
after fertilization, as determ ned by m croscopi c exam nati on.
Usual |y >90% of the eggs should be fertilized; oysters should
have changed fromthe tear-drop shaped egg to a round single cel
zygot e; nussels should show a single polar body; or enbryos of
ei t her species should have advanced to the two-cell stage.

13.10.4 START OF THE TEST
13.10.4.1 Prior to Beginning the Test

13.10.4.1.1 The test should begin as soon as possi bl e,
preferably within 24 h of sanple collection. The maxi nmum hol di ng
time followng retrieval of the sanple fromthe sanpling device
shoul d not exceed 36 h for off-site toxicity tests unless
permssion is granted by the permtting authority. |In no case
shoul d the sanple be used in a test nore than 72 h after sanple
collection (see Section 8 Effluent and Receiving Water Sanpli ng,
Sanpl e Handling, and Sanple Preparation for Toxicity Test).

13.10.4.1.2 Just prior to test initiation (approximtely 1 h),
the tenperature of a sufficient quantity of the sanple to nmake
the test solutions should be adjusted to the test tenperature (18
or 20 = 1EC) and maintai ned at that tenperature during the
addition of dilution water.

13.10.4.1.3 Increase the tenperature of the water bath, room or
i ncubator to the required test tenperature (18 or 20 + 1EC).

13.10.4.1.4 Random ze the placenent of test chanbers in the
tenperature-controll ed water bath, room or incubator at the
begi nning of the test, using a position chart. Assign nunbers
for the position of each test chanber using a random nunbers or
simlar process (see Appendi x A for an exanple of

random zation). Maintain the chanbers in this configuration

t hroughout the test, using a position chart. Record these
nunbers on a separate data sheet together with the concentration
and replicate nunbers to which they correspond. Identify this
sheet with the date, test organism test nunber, |aboratory, and
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investigator's nanme, and safely store it away until after the
oysters or mnussels have been exam ned at the end of the test.

13.10.4.1.5 Note: Loss of the random zation sheet would
invalidate the test by making it inpossible to anal yze the data
afterwards. Make a copy of the random zati on sheet and store
separately. Take care to follow the nunbering system exactly
while filling chanbers with the test sol utions.

13.10.4.1.6 Arrange the test chanbers randomy in the water bath
or controlled tenperature room Once chanbers have been | abel ed
random y, they can be arranged in nunerical order for

conveni ence, since this wll also ensure random pl acenent of
treat nents.

13.10.4.2 Estimation of Enbryo Density

13.10.4.2.1 Adjust the enbryo suspension to a density of 1,500-
3,000/ m.. Confirmby counting chanber counts on 1 nL subsanpl es
froma stirred suspension of enbryos. Final larval density of
15/m. wi Il provide reasonabl e precision (150 | arvae) and be
easier to count than 300 |arvae. Add 0.1 nL of the enbryo
suspension to 10 nL of test solution into each of the random zed
test vials. It is extrenely inportant (for a consistent enbryo
density anong test chanbers) to maintain a honbgeneous

di stribution of enbryos in the stock suspension by regular, slow
oscillation of a perforated plunger during enbryo distribution.

13.10.4.3 Initial Density Counts

13.10.4.3.1 |If tests are conducted on small vol unes, using an
inverted m croscope, the total nunber of enbryos injected into
the count controls should be determ ned as soon as the test has
been started. |If larger test volunmes are used, with counts based
upon subsanpl es, the enbros should be resuspended in the water
using a perforated plunger. Then subsanples are taken (e.g., 5-
10 nL) and the total nunber of enbryos counted in the subsanple.
Two net hods for these counts are to use a counting chanber of the
sanme volume as the subsanple, or to screen the enbryos using a 37
Fm screen and backwash with a smaller volune for small counting
chanbers. In either procedure, appropriate multiple rinsing is
needed to achieve quantitative transfer of enbryos.
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13.10.4.3.2 Initial counts are required to determ ne survival in
the controls and other treatnents. Hi gh coefficients of
variability in initial counts nake survival estinmates inexact and
may actually decrease the sensitivity of the test.

13.10.4.4 | ncubation

13.10.4.4.1 Cover and incubate the chanbers in an environnental
chanber or by partial imersion in a tenperature-controlled water
bath for 48 hours.

13.10.4.4.2 At the end of the 48-hour incubation period, exam ne
a count control test chanber (or control test vial if the count
controls were transferred to a counting chanber to nmake the
initial counts) under a mcroscope to check for conplete

devel opment of control organisns. |f devel opnent is conplete,
the test should be ended. |f devel opnent does not appear to be
conplete, the test should be continued until conplete devel opnent
occurs (but not beyond 54 hours total test duration).

13.10.5 LIGHT, PHOTOPERI OD, SALINITY AND TEMPERATURE

13.10.5.1 The light quality and intensity should be at anbient

| aboratory conditions. Light intensity should be 10-20 pE nR/s,
or 50 to 100 foot candles (ft-c), with a 16 h [ight and 8 h dark
cycl e.

13.10.5.2 The water tenperature in the test chanbers shoul d be
mai ntained at 18 or 20 + 1EC. If a water bath is used to

mai ntain the test tenperature, the water depth surrounding the
test cups should be as deep as possible without floating the
chanbers.

13.10.5.3 The test salinity should be in the range of 30 = 2%o
The salinity should vary by no nore than +2%.anong the chanbers
on a given day. |If effluent and receiving water tests are
conducted concurrently, the salinities of these tests should be
simlar.

13.10.5.4 Roons or incubators with high volunme ventilation
shoul d be used with caution because the volatilization of the
test solutions and evaporation of dilution water may cause w de
fluctuations in salinity. Covering the test chanbers with clean
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pol yet hyl ene plastic may hel p prevent volatilization and
evaporation of the test sol utions.

13.10. 6 DI SSOLVED OXYCEN (DO CONCENTRATI ON

13.10.6.1 Aeration may affect the toxicity of effluent and
shoul d be used only as a last resort to maintain a satisfactory
DO. The DO concentration should be nmeasured on new sol utions at
the start of the test (Day 0). The DO should not fall below 4.0
ng/ L (see Section 8, Effluent and Receiving Water Sanpli ng,
Sanpl e Handling, and Sanple Preparation for Toxicity Tests). |If
it 1s necessary to aerate, all treatnents and the control should
be aerated. The aeration rate should not exceed that necessary
to maintain a mnimum accept abl e DO and under no circunstances
should it exceed 100 bubbles/m nute, using a pipet with a 1-2 mm
orifice, such as a 1 nL KI MAX® serol ogi cal pipet No. 37033, or
equi val ent .

13.10. 7 OBSERVATI ONS DURI NG THE TEST
13.10.7.1 Routine Chem cal and Physical Qbservations

13.10.7.1.1 DO is measured at the beginning of the exposure
period in each test concentration and in the control.

13.10.7.1.2 Tenperature, pH, and salinity are neasured at the
begi nni ng of the exposure period in each test concentration and
in the control. Tenperature should al so be nonitored continuously
or observed and recorded daily for at least two |locations in the
envi ronnmental control systemor the sanples. Tenperature should
be neasured in a sufficient nunber of test chanbers at the end of
the test to determne tenperature variation in the environnenta
chanber .

13.10.7.1.3 Record all the neasurenents on the data sheet.
13.10.8 TERM NATI ON OF THE TEST

13.10.8.1 Ending the Test

13.10.8.1.1 Record the tinme the test is term nated.

13.10.8.1.2 The pH, dissolved oxygen, and salinity are neasured
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at the end of the exposure period in one test chanber at each
concentration and in the control. |If small electrodes are used,

t hese neasurenents can be perforned in a single extra replicate
vial set up specifically for this nmeasurement. Measurenents
shoul d not be nmade in vials that are to be counted, as |arvae may
adhere to el ectrodes, possibly biasing |arval counts.

13.10.8.2 Sanple Preservation

13.10.8.2.1 To term nate the test, add 0.25 nL of concentrated
formalin (37% formal dehyde). It is advisable not to shake the
contents at any time follow ng test term nati on because the

| arvae may stick to the edge of the chanbers. Sinply allow the
preservative to m x passively and the larvae to settle out. The
use of glutaral dehyde instead of formalin is likely to be
acceptable, but as no record of its use with this test is known,
care should be taken to confirmthat gl utaral dehyde kills,
preserves, and produces no artifacts that would confound the test
results.

13.10.8.2.2 Note: Formal dehyde has been identified as a

carci nogen and both gl utaral dehyde and fornal dehyde are
irritating to skin and nmucus nenbranes. Neither should be used
at higher concentrations than needed to achi eve norphol ogi cal
preservation and only under conditions of maximal ventilation and
m ni mal opportunity for volatilization into roomair.

13.10.8.3 Counting

13.10.8.3.1 After addition of preservative, observe all the

| arvae in each test vial. This can be done by exam ning the
contents of each test vial with an inverted m croscope at about
40X- 50X magnification or by quantitative transfer of all |arvae

onto a counting chanber and counting using a conpound m croscope
at about 100X. Using the nmechani cal stage, carefully count and
score all larvae as either normal or abnormal. |f substantial
nunbers of conpletely devel oped shells w thout neat are observed
(i.e., > 5 percent of normal |arvae), then these shells should be
enuner ated separately (as dead | arvae). "Larvae possessing

m sshapened or ot herwi se mal forned shells are consi dered nornal,
provi ded devel opnent has been conpl eted” (ASTM 1994). Record
the final counts on the data sheet.
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13.10.8.3.2 |If the nunber of |arvae observed appears to be | ow
inrelation to the nunber inocul ated at the begi nning of the
test, this signifies either nortality and dissolution, or
possi bl e adherence to the walls of the vials or inconplete
transfer to the counting chanber. |Inspect the vials for evidence
of the latter two occurrences.

13.10.8.4 Endpoint

13.10.8.4.1 The percentage of enbryos that did not survive and
develop to live larvae with conpl etely devel oped shells (i.e.,
abnormal or dead organisns) is calculated for each treat nent
replicate (See 13.13.1.3). Al larvae are considered live unless
they are nerely enpty shells "wi thout nmeat"” (ASTM 1994); enbryos
and larvae that are not yet in the D hinge stage are counted as
abnormal, even if they may have died during the test. Enbryos
and | arvae that die and disintegrate during the test are
estimated frominitial enbryo counts (See N in 13.13.1.3).

13.10.8.4.2 Unless used as the dilution water, natural seawater
controls are only used to check the relative performance of the
dilution water controls (e.g., brine controls) required for
salinity adjustnment. Statistical analysis should use the
appropriate dilution water control data.

13.11 SUWMVARY OF TEST CONDI TI ONS AND TEST ACCEPTABI LI TY CRI TERI A

13.11.1 A sunmary of test conditions and test acceptability
criteriais listed in Table 4.

TABLE 4. SUMVARY OF TEST CONDI TI ONS AND TEST ACCEPTABI LI TY
CRI TERI A FOR, CRASSOSTREA G GAS and MYTI LUS SPP. ,
EMBRYO- LARVAL DEVELOPMENT TEST W TH EFFLUENTS AND
RECEI VI NG WATERS

1. Test type: Static non-renewal
2. Salinity: 30 = 2%o
3. Tenper at ur e: 20 + 1EC (oysters)
15 or 18 + 1EC (nussel s)*
4, Light quality: Anbi ent | aboratory |ight
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5. Light intensity: | 0- 20 uE/ n2/s (Anbi ent
| aboratory |evels)

6. Phot operi od: 16 h light, 8 h darkness

7. Test chanber si ze: 30 nL

8. Test sol ution vol une: 10 niL

9. No. | arvae per chanber: 150- 300

10. No. replicate chanbers 4 (plus 3 chem stry vials)

per concentration:

11. Dilution water: Uncontam nated 1-pmfiltered
natural seawater or hypersaline
bri ne prepared from natura
seawat er

12. Test concentrations: Ef fluents: Mnimumof 5 and a
control
Receiving waters: 100%
receiving water and a control

13. Dilution factor: Ef fl uents: $0.5
Recei ving waters: None or $0.5

14. Test duration: 48 hours (or until conplete
devel opnment up to 54 hours)

15. Endpoint: Survival and normal shel
devel opnent

16. Test acceptability Control survival nust be $70%

criteria:

for oyster enbryos or $50% for
nmussel enbryos in contro
vials; $90% nornmal shel

devel opnment in surviving
controls; and nust achi eve a
%ED of <25%

235




17. Sanpling requirenents: One sanple collected at test
initiation, and preferably used
within 24 h of the tine it is
removed fromthe sanpling

devi ce (see Section 8, Effluent
and Recei ving Water Sanpling,
Sanpl e Handling, and Sanpl e
Preparation for Toxicity Tests)

18. Sanpl e vol une required: 1 L per test

*Mussel enbryo-larval tests were comonly conducted at 15EC
(ASTM 1994). Experience has shown that many | aboratories in
northern Californa, Oegon, and Washington often fail to achieve
adequate control devel opnent at 15EC in 48 hours. It is
acceptable to conduct the test at 15EC with the perm ssion of the
regul atory authority. Developnental rates may be dependent upon
speci es, local population characteristics, or other factors.

13.12 ACCEPTABI LITY OF TEST RESULTS

13.12.1 For tests to be considered acceptable, the foll ow ng
requi renents nust be net:

(1) The nean survival nmust be at |east 70% for oysters or
at | east 50% for nussels in the controls.

(2) The percent normal nmust be at |east 90%in the
surviving controls.

(3) The minimumsignificant difference (%BD) is <25%
relative to the control

13. 13 DATA ANALYSI S
13.13.1 GENERAL
13.13.1.1 Tabulate and sunmari ze the data. Calculate the

proportion of normally devel oped | arvae for each replicate. A
sanple set of test data is listed in Table 5.
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13.13.1.2 Final calculations are based upon counts of norma
| arvae and total larvae at test term nation, and nmean initi al
enbryo count.

13.13. 1.3 The percentage of enbryos that did not survive or
develop to live larvae with conpl etely devel oped shells (i.e.,
abnormal or dead organisns) is calculated for each treatnent
replicate (including controls) using the formul a:

A = 100 (N - B')
NI
wher e:
A = percent abnormal and dead organi sns
B' = the adjusted nunber of normal |arvae at the end of the

t est

N = the initial nunber of enmbryos in the test chanbers
expressed as the nmean of the initial counts;
and: if N> N, where

N = the actual nunber of |arvae at the end of the test
t hen: B =B (N / N

wher e: B = the actual nunber of normal |arvae at the end of the
test but, when N # N, then: B =B

The means of "A" are obtained for each treatnment concentrati on,
and the latter are corrected for control response using Abbott's
formul a, as foll ows:

E = 100 (A - M
100 - M
wher e:
E = the mean percent abnornmal/dead corrected for controls
A = the mean percent abnornmal /dead
M= the value of A for the controls.

13.13. 1.4 The statistical tests described here nust be used with
a know edge of the assunptions upon which the tests are
contingent. The assistance of a statistician is reconmmended for
anal ysts who are not proficient in statistics.
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TABLE 5. DATA FROM BI VALVE DEVELOPMENT TEST
22333333333333333333313333133131331333131313133313133133131331131))))

Copper
Concentration Initial Nunber Nunber Proportion
(pg/ L) Replicate Density Sur vi vi ng Nor mal Nor mal

))))))))))))))))))))z)))))))))))%g)))))))))%%))))))))))%%)))))))))))33)))

Contr ol 1
B 25 25 24 0. 96
C 25 25 25 1. 00
D 30 30 29 0. 97
0.13 A 25 23 22 0. 96
B 30 30 29 0. 97
C 25 25 25 1. 00
D 25 24 23 0. 96
0. 25 A 25 25 23 0.92
B 25 19 18 0.95
C 25 21 19 0.90
D 25 23 22 0. 96
0.50 A 25 11 10 0.91
B 25 14 13 0.93
C 25 17 15 0. 88
D 25 15 14 0.93
1. 00 A 25 8 7 0. 88
B 25 6 5 0.83
C 25 8 7 0. 88
D 25 11 9 0.82
2.00 A 25 2 2 1. 00
B 25 3 2 0. 67
C 25 4 3 0.75
D 25 5 2 0. 40

13.13.1.5 The endpoints of toxicity tests using bivalves are
based on the reduction in proportion of normally devel oped

| arvae. The 1C25 is calculated using the Linear Interpolation
Met hod (see Section 9, Chronic Toxicity Test Endpoints and Data
Anal ysis). LOEC and NOEC val ues for |arval devel opnent are
obt ai ned using a hypothesis testing approach such as Dunnett's
Procedure (Dunnett, 1955) or Steel's Many-one Rank Test (Steel,
1959; MIler, 1981) (see Section 9). Separate anal yses are
performed for the estimation of the LOEC and NOEC endpoi nts and
for the estimation of the I C25. See the Appendi ces for exanples
of the manual conputations, and exanples of data input and

pr ogram out put .

13.13. 2 EXAMPLE OF ANALYSI S OF BI VALVE EMBRYO- LARVAL
DEVELOPMENT DATA
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13.13.2.1 Formal statistical analysis of the enbryo-I|arval

devel opnment is outlined in Figure 1. The response used in the
analysis is the proportion of normally devel oped surviving | arvae
in each test or control chanber. Separate anal yses are perforned
for the estimati on of the NOEC and LOEC endpoints and for the
estimation of the 1C25 endpoint. Concentrations at which there
is no normal devel opnent in any of the test chanbers are excl uded
fromstatistical analysis of the NOEC and LCEC, but included in
the estimation of the |IC25.

13.13.2.2 For the case of equal nunbers of replicates across al
concentrations and the control, the evaluation of the NOEC and
LCEC endpoints is made via a paranetric test, Dunnett's
Procedure, or a nonparanetric test, Steel's Many-one Rank Test,
on the arc sine square root transforned data. Underlying
assunptions of Dunnett's Procedure, normality and honogeneity of
vari ance, are formally tested. The test for normality is the
Shapiro-WIlk's Test, and Bartlett's Test is used to test for
honmogeneity of variance. |If either of these tests fails, the
nonparanetric test, Steel's Many-one Rank Test, is used to
determ ne the NCEC and LCEC endpoints. If the assunptions of
Dunnett's Procedure are net, the endpoints are estimted by the
paranetric procedure.

13.13.2.3 If unequal nunbers of replicates occur anong the
concentration |evels tested, there are paranetric and
nonparanetric alternative anal yses. The paranetric analysis is a
t test wwth the Bonferroni adjustnment (see Appendix D). The

W | coxon Rank Sum Test with the Bonferroni adjustnment is the
nonparanetric alternative.

13.13. 2.4 Exanple of Analysis of Enbryo-Larval Devel opnent Data

13.13.2. 4.1 Since the response of interest is the proportion of
normal Iy devel oped surviving | arvae, each replicate nust first be
transforned by the arc sine square root transformation procedure
described in Appendi x B. Because there are varying nunbers of
survivors in the replicates, the adjustnent for response
proportions of zero or one will not be made. The raw and
transforned data, nmeans and vari ances of the transforned
observations at each effluent concentration and control are
listed in Table 5. The data are plotted in Figure 2.
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STATISTICAL ANALYSIS OF BIVALVE
EMBRYO-LARVAL DEVELOPMENT TEST

LARVAL DEVH.OPMENT DATA
PROPORTION NORMAL LARVAE
l Y
POINT ESTIMATION HYPOTHESIS TESTING

'

¢

ENDPOINT ESTIVATE ARC SINE SQUARE ROOT
IC25 TRANSFORMATION
¢ NON-NORMAL DISTRIBUTION
SHAPIROWLKS TEST

NORMAL DISTRIBUTION ¢

HETEROGENEOUS
BARTLETT'S TEST — VARIANCE

HOMOGENEOUS VARIANCE
NO

Y NO
EQUAL NUVBER OF EQUAL NUVBER OF
REPLICATES? REPLICATES?

HIESIEML DUNNETTS || STEEL'SMANY-ONE VULOGXON RANK SUM
BONFERRONI TEST RANK TEST TESTWTH
ADJUSTIVENT BONFERRONI ADJUSTVENT

ENDPQOINT ESTIVATES
NOEC,LOEC
Figure 1. Flowchart for statistical analysis of the pacific oyster, Crassostrea gigas, and

mussel, Mytilus spp., development data.
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13.13.2.5 Test for Normality

13.13.2.5.1 The first step of the test for normality is to
center the observations by subtracting the nean of al
observations within a concentration from each observation in that
concentration. The centered observations are summari zed in
Tabl e 6.

TABLE 6. Bl VALVE EMBRYO- LARVAL DEVELOPMENT DATA
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Copper Concentration (pug/L
2200000000000 000 0000000000000 000000000)))

Replicate Cont r ol 0.13 0. 25 0. 50 1.00 2.00
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
0. 96 0.92 0.91 0. 88 1.00
RAW B O 96 0.97 0.95 0.93 0.83 0. 67
C 1.00 1.00 0. 90 0. 88 0. 88 0.75
D 0.97 0. 96 0. 96 0.93 0.82 0. 40
S32223133333333333333333333131313333133313131333313313131313333333I313131333I111311111))D))
ARC S| NE A 1.571 1.369 1.284 1. 266 1.217 1.571
SQUARE ROOT B 1.369 1.397 1. 345 1.303 1. 146 0. 959
TRANSFORMED C 1.571 1.571 1. 249 1.217 1.217 1.047
D 1.397 1.369 1.369 1.303 1.133 0. 685
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Mean (&) 1.427 1.312 1.272 1.178 1. 066
S? O 01191 0. 00945 0.00303 0.00166 0.00203 0.13733
[ 1 2 3 4 5 6

$33333333333333333333333333333331333333133131333133313331333133313331331331313131)))

13.13.2.5.2 Calculate the denomi nator, D, of the statistic:

D" "(X & X)°
i"1

Wher e: X; = the ith centered observation
X = the overall nean of the centered observations
n = the total number of centered observations
13.13.2.5.3 For this set of data, n =24
& =_1 (-0.002) = 0.000
24
D = 0.4963
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13.13.2.5.4 Oder the centered observations fromsnmallest to
| ar gest
XD # X2 # . # XM

where X() denotes the ith ordered observation. The ordered
observations for this exanple are listed in Table 7

TABLE 7. ORDERED CENTERED OBSERVATI ONS FOR SHAPI RO- W LK' S
EXAMPLE

))))))))))))))))g??)))))))))))))))))))))))));3?))))))))))))))
I : I :

2333333333333333331331333333313133133313131313331313313)331331131))))
-0.381 13 -0. 019

2 -0. 108 14 - 0. 006
3 -0. 107 15 0. 031
4 -0. 080 16 0.031
5 - 0. 063 17 0. 033
6 -0. 058 18 0. 039
7 - 0. 058 19 0. 039
8 - 0. 055 20 0. 057
9 - 0. 045 21 0. 094
10 -0. 032 22 0. 094
11 -0. 030 23 0. 144
12 -0. 028 24 0. 505

322233035555555000030555555000550550050000000000000000000000)

13.13.2.5.5 From Table 4, Appendix B, for the nunber of
observations, n, obtain the coefficients a;, a,, ... a, where k is
n/f2if nis even and (n-1)/2 if nis odd. For the data in this
exanple, n = 24 and k = 12. The a; values are listed in Table 8.

13.13.2.5.6 Conpute the test statistic, W as foll ows:

1 kK . L2
W " _[ - a'(x(n&l%l)&x(l))]
D

The differences, X(™i*h . X0) agre listed in Table 8. For the
data in this exanpl e:

w=_ 1 (0.6322)2 = 0. 805
0. 4963
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TABLE 8. CCEFFI Cl ENTS AND DI FFERENCES FOR SHAPI RO-W LK' S

EXAMPLE
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
a X(n i+1) _ X(I)

))))))i))))))))))))g)))))))))))))))))))g)))))))))))))))))))))))))))))))))

2 0. 3098 0. 252 X238 . X2

3 0. 2554 0.201 X2 . X3

4 0. 2154 0.174 XeH - X®

5 0. 1807 0. 120 X209 . X9

6 0. 1512 0. 097 X9 . X(®

7 0. 1245 0. 097 X8 - X

8 0. 0997 0. 088 XN . X®

9 0.0764 0.076 X8 . X9

10 0. 0539 0. 063 X(1%) . X(10

11 0. 0321 0. 024 X4 . X

12 0. 0107 0. 009 X(13) X(12)

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

13.13.2.5.7 The decision rule for this test is to conpare Was
cal cul ated in Subsection 5.6 to a critical value found in

Table 6, Appendix B. |If the conputed Wis less than the critical
val ue, conclude that the data are not normally distributed. For
the data in this exanple, the critical value at a significance

| evel of 0.01 and n = 24 observations is 0.884. Since W= 0.805
is less than the critical value, conclude that the data are not
normal Iy distributed.

13.13.2.5.8 Since the data do not neet the assunption of
normality, Steel's Many-one Rank Test will be used to anal yze the
enbryo- | arval devel opnent dat a.

13.13.2.6 Steel's Many-one Rank Test

13.13.2.6.1 For each control and concentration conbi nati on,
conbi ne the data and arrange the observations in order of size
fromsnmallest to largest. Assign the ranks (1, 2, ... , 8) to
the ordered observations with a rank of 1 assigned to the
smal | est observation, rank of 2 assigned to the next | arger
observation, etc. |If ties occur when ranking, assign the average
rank to each tied observation.

243



‘denre|aARAIg padopnsp Awlou Jo uoiiodoid uesw Jo 10|14 "z ainbi4

(1/6n) NOILVYLNIONOD ¥3dd0OD
00'¢ 00°l 0S'0 G20 €10 000
1 1 1 1 1 ,Woo

10
20
€0
. v
50
90
o

- 80

0340 13A30 ATTIVAYON NOI1140d40dd

60

NOILYHLNIONOD HOVI HO4 IMVA NVIW SHL S1DINNOD
V‘A INIWJOTAAIA ALVINdIE TVNAIAIGNT - >k >k >k

- 0L

244



13.13.2.6.2 An exanple of assigning ranks to the conbi ned data
for the control and 0.13 pg/L concentration is given in Table 9.
This ranking procedure is repeated for each control/concentration
conbi nation. The conplete set of rankings is summarized in

Tabl e 10. The ranks are then sunmed for each concentration

| evel , as shown in Table 11

TABLE 9. ASSI GNI NG RANKS TO THE CONTROL AND 0. 13 pg/L
CONCENTRATI ON LEVEL FOR STEEL'S MANY- ONE RANK TEST

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Tr ansf or ned
Proportion
Rank Nor mal Concentration
)))))))%)))))))))))))))))))))))))))))))))))))))))))))g){%)))?z))))
Hg
2 1. 369 0.13 ug/L
2 1. 369 Contro
4.5 1. 397 0.13 ug/L
4.5 1. 397 Contro
7 1.571 0.13 ug/L
7 1.571 Contro
7 1.571 Contro

2333313331333333333133333333333313331313313133131331313331333133131331313313133131)))

13.13.2.6.3 For this exanple, determne if the survival in any
of the concentrations is significantly lower than the survival in
the control. If this occurs, the rank sumat that concentration
woul d be significantly | ower than the rank sumof the control
Thus conpare the rank sunms for the survival at each of the
various concentration levels with some "m ninuni or critical rank
sum at or bel ow which the survival would be considered
significantly |ower than the control. At a significance |evel of
0.05, the mninumrank sumin a test with five concentrations
(excluding the control) and four replicates is 10 (See Table 5,

Appendi x E)

13.13.2.6.4 Since the rank suns for the 0.50 pg/L and 1.00 pg/L
concentration |evels are equal to the critical value, the
proportions of normal devel opnent in those concentrations are
considered significantly less than that in the control. Since no
other rank sumis less than or equal to the critical value, no
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TABLE 10. TABLE OF RANKS!

23333333333333133133333131331331313313131331313133313133331313133131131))))
Copper Concentration (pg/L)

2233333333333333331313333133313)))
0.13 0.25

Replicate Contro
0220330333033 03303033 0330033033303 03 0003300000030 300300));
1 1.571(7,7.5,7.5,7.5,7) 1.369(2) 1.284(2)
2 1.369(2,4.5,5,5,4) 1.397(4.5) 1.345(3)
3 1.571(7,7.5,7.5,7.5,7) 1.571(7) 1.249(1)
4 1.397(4.5,6,6,6,5) 1.369(2) 1.369(4.5)
o Copper Concentration (pg/L) (Continued)
D333 0303303303030 0000000003)00));
Replicate 0.50 1.00 2.00

22333333333333333333333333313313133313331333133313313133313331333133313313131313131311)))

1 1. 266(2) 1.217(3. 5) 1.571(7)
2 1. 303(3. 5) 1. 146(2) 0. 959( 2)
3 1.217(1) 1. 217(3. 5) 1. 047(3)
4 1. 303( 3. 5) 1.133(1) 0. 685( 1)

22333333331333333333313333313331313133333131313131333331313131313333131313113333131311131))1))
!Control ranks are given in the order of the concentration with which

t hey were ranked.

TABLE 11. RANK SUMS

DDDD30330303033030303003 0333030330030 3000030000003))))
Concentration

png/ L Copper) Rank Sum

))))))))))))))))))))g)z%)))))))))))))))))))))z%)%))))))))
0. 25 10.5

0.50 10.0
1.00 10.0

ot her concentration has a significantly | ower proportion nornma
than the control. Because the 0.50 pg/L concentration shows
significantly | ower nornmal devel opnent than the control while the
hi gher 2.00 pg/ L concentration does not, these test results are
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considered to have an anonmal ous dose-response relationship and it
is reconmended that the test be repeated. |f an NOEC and LOEC
nmust be determined for this test, the | owest concentration with
significant growh inpairnment versus the control is considered to
the LOEC for growh. Thus, for this test, the NOEC and LCEC
woul d be 0.25 pg/L and 0.50 pg/L, respectively.

13.13.2.7 Calculation of the I Cp

13.13.2.7.1 The enbryo-|arval devel opnment data in Table 4 are
utilized in this exanple. As can be seen from Table 4 and Fi gure
2, the observed neans are nonotonically non-increasing with
respect to concentration (mean response for each higher
concentration is not |less than or equal to the nean response for
t he previous concentration and the responses between
concentrations do not follow a linear trends). Therefore, it is
not necessary to snooth the nmeans prior to calculating the IC
The observed neans, represented by & becone the corresponding
snoot hed nmeans, M. Table 12 contains the response neans and
snoot hed neans and Figure 3 gives a plot of the snpothed response
curve.

TABLE 12. Bl VALVE MEAN LARVAL DEVELOPMENT RESPONSE AFTER

SMOOTHI NG

Response Snoot hed

Copper Means, &; Means, M
Conc. (ug/L) i (proportion) (proportion)

Cont r ol 1 0. 983 0. 983

0.13 2 0.973 0.973

0. 25 3 0.932 0.932

0. 50 4 0. 913 0. 913

1.00 5 0. 852 0. 852

2.00 6 0. 705 0. 705

13.13.2.7.2 An IC25 can be estimated using the Linear
I nterpol ati on Method. A 25% reduction in nmean proportion of
normal |y devel oped | arvae, conpared to the controls, would result
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in a nmean proportion of 0.737, where M(1-p/100) = 0.983(1-

25/ 100). Exam ning the nmeans and their associ ated concentrations
(Tabl e 12), the response, 0.737, is bracketed by C, = 1.00 pg/L
copper and G = 2.00 pg/L copper.

13.13.2.7.3 Using the equation from Section 4.2 in Appendi x L,
the estinmate of the 1C25 is calculated as foll ows:

(Con&C)

ICp * C%[M, (1&p/100)&M | ———"

|C25 = 1.00 + [0.983(1 - 25/100) - 0.852] (2.00 - 1.00)
S)II1111)))))Q
(0.705 - 0.852)
= 1.78 pg/L.

13.13.2.7.4 \Wen the ICPIN program was used to anal yze this set
of data, requesting 80 resanples, the estimate of the I C25 was
1.7839 pg/ L. The empirical 95.0% confidence interval for the
true mean was not avail abl e because the nunber of resanples which
generated an 1 C25 estimate was not an even nmultiple of 40. The
conputer programoutput for the IC25 for this data set is shown
in Figure 4.

13. 14 PRECI SI ON AND ACCURACY
13.14.1 PRECI SI ON
13.14.1.1 Single-Laboratory Precision

13.14.1.1.1 Single-laboratory precision data for the Mytilus
spp. with the reference toxicant cadm um and | yophilized pulp
mll effluent with natural seawater are provided in Tables 4-5.
The coefficient of variation, based on EC25, is 32.8%to 45. 0%
for cadm umand 14.2%to 30.6% for |yophilized pulp mll
effluent. Single-laboratory precision data for the Crassostrea
gigas with the reference toxicant cadm um and | yophilized pulp
mll effluent with natural seawater are provided in Tables 6-7.
The coefficient of variation, based on EC25, is 18.5%to 80.4%
for cadm um and 20.8%to 43.3%for |lyophilized pulp mll

ef fl uent.

13.14.1.2 Multi-Ilaboratory Precision

249



Conc. Tested 0 0. 13 0.25 0.50 1.00 2.00
Response 1 1.00 0. 96 0.92 0.91 0. 88 1.00
Response 2 0. 96 0. 97 0.95 0.93 0. 83 0. 67
Response 3 1.00 1.00 0.90 0. 88 0. 88 0.75
Response 4 0. 97 0. 96 0. 96 0.93 0. 82 0. 40

*** | nhibition Concentration Percentage Estinmate ***
Toxi cant/ Ef fl uent: Copper

Test Start Date: Test Endi ng Date:
Test Species: bivalve
Test Duration: 48 hours

DATA FI LE: bivalve.icp
OQUTPUT FI LE: bivalve.i25

Conc. Nunber Concentration Response St d. Pool ed
I D Repl i cates ug/ L Means Dev. Response Means
1 4 0. 000 0.983 0.021 0.983
2 4 0.130 0.973 0.019 0.973
3 4 0. 250 0.932 0.028 0.932
4 4 0. 500 0.913 0.024 0.913
5 4 1. 000 0. 852 0.032 0. 852
6 4 2. 000 0. 705 0. 247 0. 705

The Linear Interpolation Estimate: 1.7839 Entered P Val ue: 25

Nunber of Resanplings: 80Those resanpl es not used had estimates

above the highest concentration/ %ffluent.

The Bootstrap Estimates Man: 1. 6188 Standard Devi ation: 0. 1758

No Confidence Limts can be produced since the nunber of resanples
generated is not a multiple of 40.
Resampling tine in Seconds: 0.17 Random Seed: -232404862

Figure 4. |1CPIN program output for the |C25.

250



13.14.1.2.1 Milti-laboratory precision data for Mytil us spp.
with the reference toxicant, cadm um and |yophilized pulp mll
effluent are provided in Tables 12-13. The coefficient of
variation for cadm um EC25 is 23.6% and for effluent EC25 is

14. 4% based on five | aboratories. Milti-Iaboratory precision
data for Crassostrea gigas with the reference toxicant, cadm um
and lyophilized pulp mll effluent are provided in Tables 14-15.
The coefficient of variation is 21.3%for cadm um EC25 and 14. 2%
for lyophilized pulp mlIl effluent EC25, based on results from
five |l aboratories.

13.14.2 ACCURACY
13.14.2.1 The accuracy of toxicity tests cannot be detern ned.
TABLE 12. SI NGLE AND MULTI - LABORATORY PRECI SI ON OF THE MUSSEL,

MYTI LUS SPP., DEVELOPMENT TEST PERFORMED W TH CADM UM
CHLORI DE (CD M3 L) AS A REFERENCE TOXI CANT

Mont h Lab A Lab B Lab C Lab D Lab E
Cct - 92 2.35 1.06 2.42 4.20 4.77
Nov- 92 0. 86 3.49 3.89 2.21 2.39
Dec- 92 1.79 2.51 no data 2.27 3.73
Jan-93 3. 69 2.25 6.77 no data 1.57
Feb- 93 2.81 2.91 5.85 3.75 3.05
Mar - 93 3.71 2.64 2.62 4.89 no data
Mean 2. 54 2.48 4. 31 3.46 3.10
SD 1.11 0. 81 1.94 1.19 1.23
eV (9N 43.9 32.8 45.0 34.3 40.0
# of Labs Statistic EC25
5 Mean (N=5) 3.18

SD 0.75

V(% 23.6

These data are from Pastorok, et al. (1994), West Coast Marine Species

Chr oni ¢ Prot ocol

Variability Study, PTI
Washi ngt on Department of Ecol ogy, February,
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TABLE 13. SI NGLE AND MULTI - LABORATORY PRECI SI ON OF THE MJSSEL,

MYTI LUS SPP., DEVELOPMENT TEST PERFORVED W TH
LYOPHI LI ZED PULP M LL EFFLUENT (% AS THE TOXI CANT
Mont h Lab A Lab B Lab C Lab D Lab E
Cct - 92 1.78 1.40 2.02 1.83 1.85
Nov- 92 1.57 1.94 2.70 1.98 no data
Dec- 92 1.74 1.88 3.08 no data 1.87
Jan-93 3.17 2.03 2.46 1.07 no data
Feb- 93 1.66 no data no data no data no data
Mar - 93 1.85 1.66 1.72 1.82 no data
Mean 1.96 1.78 2.40 1.68 1.86
SD 0. 60 0. 25 0.54 0.41 0.28
CV (9 30.6 14. 2 22.5 24.5 1.4
# of Labs Statistic EC25
5 Mean (n=5) 1.93
SD 0.28
CV(% 14. 4
These data are from Pastorok, et al. (1994) Wst Coast Marine

Speci es Chroni c Protocol

Servi ces,
February,

Variability Study, PTI

Envi r onnent al

Prepared for Washi ngton Departnent of Ecol ogy,

1994.
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TABLE 14. SI NGLE AND MULTI - LABORATORY PRECI SI ON OF THE OYSTER
CRASSOSTREA G GAS, DEVELOPMENT TEST PERFORVED W TH
CADM UM CHLORI DE (CD ME L) AS A REFERENCE TOXI CANT
Mont h Lab A Lab B Lab C Lab D Lab E
Jul y-92 1.04 1.54 0. 50 0.41 0. 56
Aug- 92 0.31 1.38 0. 30 0. 35 no data
Sept-92 0. 68 0. 20 0. 49 no data no data
Apr - 93 no data 0. 45 0.51 no data 0. 95
May- 93 0. 46 0. 30 1.05 0.52 0. 83
June- 93 0. 26 1.55 0.93 no data 0. 83
Jul y-93 0. 28 0. 82 0. 66 1.56 0. 90
Mean 0.51 0. 89 0. 63 0.71 0.81
SD 0.31 0.59 0. 27 0. 57 0. 15
CV (9% 60. 6 66. 7 42.1 80. 4 18.5
# of Labs Statistic EC25
5 Mean (n=5) 0.71
SD 0. 15
V(% 21. 3
These data are from Pastorok, et al. (1994), West Coast Marine

Speci es Chroni c Protocol

Servi ces,
February,

Variability Study,
Prepared for Washi ngton Departnent of Ecol ogy,
1994.
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TABLE 15. SI NGLE AND MULTI - LABORATORY PRECI S| ON OF THE OYSTER
CRASSOSTREA G GAS, DEVELOPMENT TEST PERFORVED W TH
LYOPHI LI ZED PULP M LL EFFLUENT (% AS THE TOXI CANT

Mont h Lab A Lab B Lab C Lab D Lab E
Jul y-92 no data 0.91 1.28 no data 1.43
Aug- 92 1.21 1.09 0. 98 0.61 no data
Sept-92 0.76 1.66 0. 83 no data no data
Apr - 93 0. 80 1.10 1.61 1.66 no data
May- 93 1.21 0. 65 1.90 0. 93 0. 93
June- 93 1.09 1.32 1.72 0. 83 0. 98
Jul y-93 0. 82 0. 80 1.56 1.67 1.04
Mean 0. 98 1.08 1.41 1.14 1.10
SD. 0.21 0. 34 0. 40 0. 49 0. 23
CV (N 21.6 31.4 28.0 43. 3 20. 8
# of Labs Statistic EC25
5 Mean (n=5) 1.14

SD 0.16

V(% 14.2

These data are from Pastorok, et al., (1994), Wst Coast Marine

Speci es Chroni c Protocol

Servi ces,
February,

Variability Study,

PTI

Envi r onnent al

Prepared for Washi ngton Departnent of Ecol ogy,

1994.
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APPENDI X | . BI VALVE TEST: STEP-BY-STEP SUMVARY

PREPARATI ON OF TEST SCLUTI ONS

A

Determ ne test concentrations and appropriate dilution water
based on NPDES pernmt conditions and gui dance fromthe
appropriate regul atory agency.

Prepare effluent test solutions by diluting well m xed
unfiltered effluent using volunetric flasks and pipettes.
Use hypersaline brine where necessary to maintain all test
solutions at 30 £+ 2% Include brine controls in tests that
use brine.

Prepare a copper reference toxicant stock sol ution.
Prepare a series copper reference toxicant concentrations.

Sanpl e effluent and reference toxicant solutions for
physi cal / chem cal analysis. Measure salinity, pH and
di ssol ved oxygen from each test concentration

Random ze nunbers for test chanbers and record the chanber
nunbers with their respective test concentrations on a
random zation data sheet. Store the data sheet safely until
after the test sanples have been anal yzed.

Pl ace test chanbers in a water bath or environnental chanber
set to 18 or 20EC and all ow tenperature to equilibrate.

Measure the tenperature daily in one randomreplicate (or
separate chanber) of each test concentration. Mnitor the
tenperature of the water bath or environnental chanber
conti nuously.

At the end of the test, neasure salinity, pH, and dissolved
oxygen concentration fromeach test concentration

PREPARATI ON AND ANALYSI S OF TEST ORGANI SM5

A

Determ ne test concentrations and appropriate dilution water
based on NPDES permt requirenents and gui dance fromthe
appropriate regul atory agency.
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Prepare test solutions by diluting well m xed unfiltered
ef fl uent using volunetric pipettes. Use hypersaline brine
where necessary to maintain all test solutions at 30 = 2%o
I ncl ude brine controls in tests that use brine.

Sanpl e effluent and reference toxicant solutions for
physi cal / chem cal analysis. Measure salinity, pH and
di ssol ved oxygen from each test concentration

Random ze nunbers for test chanbers and record the chanber
nunbers with their respective test concentrations on a
random zation data sheet. Store the data sheet safely until
after the test sanples have been anal yzed.

Pl ace test chanbers in a water bath or environnental chanber
set to 18 or 20EC as appropriate for the test species and
all ow tenperature to equilibrate.

Measure the test solution tenperature daily in a randomy
| ocated bl ank test chanber. Mnitor the tenperature of the
wat er bath or environnmental chanber continuously.

PREPARATI ON AND ANALYSI S OF TEST ORGANI SM5

A

otain test organisns and hold or condition as necessary for
Spawni ng.

On day of test, spawn organi sns, exam ne ganetes, pool good
eggs, pool good sperm

Fertilize subsets of eggs with a range of sperm
concentrations to obtain >90% enbryogenesi s w t hout

pol ysper ny.
Adj ust enbryo stock suspension density to 1500- 3000/ ni.

I nt roduce organisns to test chanbers (150-300 enbryos in 0.1
nmL of stock).

Count all enbryos in each of six extra controls set up for
determ ning nean enbryo density and variation. Return these
to the test for later exam nation for developnental rate in
control s.
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Near the end of the 48-hour incubation period exam ne
several of the extra controls to determne if devel opnent
has reached the prodi soconch stage. |If yes, term nate the
test at 48 hours; if no, continue the test for up to 54
hours as required for conpl ete devel opnent.

Term nate the test by addition of formalin.

Count | arvae and record the nunber of normal prodi soconch
| arvae and other larvae in each test vial.

Anal yze the dat a.

I ncl ude standard reference toxicant point estimate values in
the standard quality control charts.
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Sanpl e data sheet for enbryo m croscopi c exam nati on.
Bl VALVE DEVELOPMENT TEST: RESULTS

Bi oassay No. Dat e

Count er

Nunber Sanmpl e Abnor nal Nor mal %Nor mal Not es
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